ABSTRACT Ailanthus altissima (Mill.) Swingle, tree-of-heaven, is an invasive species native to Asia. It Þrst was introduced into the United States in the 1700s and now is distributed throughout much of North America. Mechanical and chemical controls are current suppression tactics, however, implementation is costly. A weevil, Eucryptorrhynchus brandti (Harold), was identiÞed in China and imported for quarantine testing in 2004 as a potential biological control agent. Host speciÞcity tests on adult feeding, larval development, and oviposition of this weevil were conducted from 2007 to 2011 on A. altissima and 29 nontarget species. Eucryptorrhynchus brandti adults fed signiÞcantly more on A. altissima foliage when compared with all test species. Range of means for feeding on A. altissima was 32.5Ð106.5 mm 2 /adult/d. In no-choice tests, Simarouba glauca DC, Leitneria floridana Chapm., and Citrus limon (L.) Burm. F., had feeding rates of only 10, 49, and 10%, respectively, compared with the level of feeding on A. altissima. The mean range of adult feeding by E. brandti on all other test species was Ͻ7% of feeding on A. altissima (0.0 Ð3.3 Ϯ 5.0 mm 2 /adult/d). In the no-choice larval inoculation tests, larval development only occurred in two of 10 L. floridana seedlings compared with seven of 10 A. altissima seedlings. In the no-choice oviposition tests, oviposition and subsequent larval development did not occur in L. floridiana, whereas all seven A. altissima seedlings supported oviposition and subsequent larval development. The weevil did not appear to be a threat to L. floridana or any other nontarget species tested. Therefore, we conclude that Eucryptorrhynchus brandti is highly host speciÞc to A. altissima.
used for suppression, but implementation is costly, and can be as much as 8,750 USD/ha (Kok et al. 2008) .
In 2004, investigations into the use of biological control for suppression of A. altissima were initiated. Eucryptorrhynchus brandti (Harold) (Coleoptera: Curculionidae) was identiÞed in China (Ding et al. 2006) , and imported to the Virginia Tech BeneÞcial Insect Quarantine Facility for testing as a potential biological control agent. A review of the literature found few publications on E. brandti. Information that does exist focuses on controlling E. brandti because it is considered a pest of A. altissima in China (Dong et al. 1993 , Jianguang et al. 2004 . Eucryptorrhynchus brandti is a univoltine species. In some areas of China, 80 Ð100% of A. altissima trees were attacked by E. brandti and the closely related cohabitating species E. chinensis, causing 12Ð37% mortality (Ge 2000 , Ding et al. 2006 . Both species are common in China (Xiao 1992) .
Until our recent studies (Herrick et al. 2011a , Herrick 2011 , the general biology of E. brandti was not well-known. Adults feed on leaves, buds, and petioles. Larvae develop under the bark, feeding on and destroying the cambial tissues, resulting in more damage to trees than adult feeding (Ding et al. 2006) . Larvae overwinter under the bark and adults overwinter in the soil near host trees (Ge 2000) . The metathoracic sternite and Þrst abdominal segment are convex in females and concave or ßat in males. Females generally are larger than males and live longer. The egg stage is Ϸ4 Ð 6 d, the larval stage has six stadia and develops in 95Ð125 d, and the pupal stage is 9 Ð23 d long at 25ЊC (Herrick et al. 2011a) .
Adult foliage feeding tests, larval development tests, and oviposition tests were conducted to determine if E. brandti is a host speciÞc herbivore of A. altissima. For clarity, Ailanthus altissima is in the Sapindales order. Within Sapindales, there are six closely related families to Simaroubaceae: Rutaceae, Meliaceae, Sapindaceae, Anacardiaceae, Burseraceae, and Leitneriaceae. With this taxonomic information, suggestions from the Technical Advisory Group (TAG) for Biological Control Agents of Weeds, and use of the method of centrifugal phylogenetic host-range testing for selecting nontarget plant species for testing against candidate biological control agents (USDA-TAG 2000 , Wapshere 1974 , we arrived at a test plant list consisting of 29 nontarget species to assess the speciÞcity of E. brandti. If we conclude that E. brandti is not a risk to native vegetation, a petition will be made to the United States Department of Agriculture, Animal and Plant Health Inspection Service, Plant Protection and Quarantine, TAG to release E. brandti from quarantine for A. altissima suppression.
Materials and Methods
Adult Foliage Feeding Tests. In 2007 and 2008, 29 plant species that are taxonomically, ecologically, economically related, or both to A. altissima were exposed to one newly emerged (Ͻ24-h postemergence and starved for 24 h) male and one female E. brandti for 3 d to measure the amount of foliage consumed. Ailanthus altissima served as the control. The 3-d feeding interval was used because adults survive Ϸ10 d without food. Experiments were conducted in a choice and no-choice fashion. Choice tests consisted of one A. altissima leaf cluster (i.e., a leaf containing four leaßets) and one leaf cluster of a test species. One no-choice test consisted of two leaf clusters of a test species and a second no-choice control consisted of two A. altissima leaf clusters. Tests on each species were replicated 10 times. Experiments were conducted in 0.5-liter containers. Leaf clusters were wrapped with cheese-cloth and inserted into a hole in the container lid. The containers were placed lid side down on a 100 ml cup to provide the leaf clusters with water. Two holes (5 cm in diameter) covered with aluminum window screen were made on each side of the cup for ventilation. The cages were placed in Percival environmental chambers at 25 Њ C, 60% RH, with a photoperiod of 14:10 (L:D) h. These conditions were chosen because they were successful in rearing the initial shipment of weevils from China and were similar to local ambient conditions. Also, Esperk et al. (2007) reported that extreme temperatures (low 20ЊC, high 30ЊC), low humidity (40%), and short daylength (12 h light) can prolong development in some Coleoptera. Feeding on leaves was measured as described by Kok et al. (1992 Kok et al. ( , 2008 ) using a transparent millimeter square grid. The percent feeding of the nontarget species versus the target species, A. altissima, was determined by dividing the mean mm 2 of feeding on the nontarget species by the mean mm 2 of feeding on A. altissima during the same choice or no-choice trial of the nontarget species and A. altissima.
After the 3-d feeding interval, all adults were removed and placed in alternate containers with new leaf clusters of A. altissima as described under the Adult Foliage Feeding Tests to ensure that adults were feeding in all tests. All tests revealed sustainable feeding on A. altissima subsequent to nontarget exposure. No mortality occurred during the experiments. Data were analyzed by analysis of variance (ANOVA) (␣ ϭ 0.05). Means were separated using the TukeyÐKramer honestly signiÞcant difference (HSD) test for nochoice tests and the StudentÕs Standardized t-test was used for choice tests. According to TAG guidelines, if a nontarget species is not fed on by the candidate agent, it can be considered that it is not a host plant and discarded from further testing (USDA-TAG 2000) . Therefore, many plant species were omitted from further testing.
Larval Development Tests. Because foliage of Simarouba glauca and Leitneria floridana were fed on at a rate of a Ϸ10% compared with A. altissima in nochoice tests, both species were inoculated with three Þrst-instar E. brandti that were collected from the rearing colony. Two seedlings of Citrus aurantifolia (Christm.) Swingle, C. aurantium L., C. limon (L.) Burm. F., C. paradisi Mcfad., C. reticulate Blanco, and C. sinensis Osbeck were included in the experiment because of their economic importance. These experiments were conducted as no-choice tests and A. altissima seedlings served as the control. All plants were Ϸ2 yr old, Ϸ1.5 cm diameter, grown under natural light, at 25 Њ C, using 26.5-liter pots with Sta-Green Nursery Blend Tree and Shrub Planting Mix (Pursell Industries Inc., Sylacauga, AL) and 0.09:0.06:0.05% N:P:K. Larger plant sizes were not used because they were not obtainable for S. glauca and L. floridiana. Three 0.20-cm holes were drilled 0.4 cm deep into the base, middle, and top of each plant. Larvae were transferred directly into the holes from dissected A. altissima billets by using a soft tipped brush and sealed with masking tape. Care was taken to assure that larvae would not stick to the adhesive covering the hole by placing an additional piece of tape that did not have adhesive over the area covering the hole. Experiments were replicated 10 times. Plants were dissected after 4 mo and the presence or absence of larval development was recorded.
Adult Oviposition Tests. Plant species that showed development of E. brandti in the larval inoculation experiments (i.e., L. floridana) were set up in nochoice tests by caging Þve newly emerged (Ͻ24 h postemergence and starved for 24 h) male and Þve female E. brandti until all females died. Plants were screened with 7 by 6 holes/cm 2 mesh screen and wrapped with a bungee cord around the base of the screen to secure the screen to the pot. The top of the screen was sealed with an aluminum tie. Polyvinyl chloride stakes were used to support the screen away from the plant. Plants of the same age and approximate diameter were grown as in the Larval Development Tests. Ailanthus altissima seedlings served as the control. Experiments were inspected weekly for weevil mortality and replicated 10 times. When a male died, it was replaced to maintain a 1:1 (male : female). Experiments ended when all females died. Plants were dissected 4 mo after female mortality and it was assumed that oviposition and developmental success occurred if a larva, feeding, or both were observed. Data were recorded as presence or absence of larval development.
A second series of oviposition tests was conducted with L. floridana to further determine if E. brandti will oviposit and complete development on L. floridana. To be certain that females used in the experiment were ovipositing, six 30-d-old females (based on earlier studies females begin oviposition Ϸ30 d after mating, Herrick et al. 2011a ) were caged with males on A. altissima cut logs for a 1-wk mating interval before testing their potential to oviposit on A. altissima and L. floridana. Ten females were used in three of the A. altissima and L. floridana tests and four females were used in 11 of the other L. floridana tests because of their smaller diameter and to prevent girdling and plant death. If larvae developed on these cut logs, the females were fecund and the test conducted the next week would have mature egg laying females for the test on L. floridana. Although the results of this would not be known for over 3 mo, any group of females that did not oviposit in the pretest would not be used in the analysis to determine host-plant selection. After the 1-wk pretest, the same females were caged for 1-wk on potted L. floridana or A. altissima for the no-choice test period. After the test period, all females were then caged on A. altissima cut logs for posttest validation of fecundity. Thirteen potted L. floridana trees were used with one tree having two replicates on its trunk for 14 replicates in total. Two potted A. altissima trees with one tree having two replicates on its trunk were used for three A. altissima replicates in total. Two months after females were removed from the cages, the section of tree where the weevils were caged was screened. The pre-and posttest cut logs also were screened to collect any emerging adults. Caged trees and cut logs were checked daily for adult emergence. On 29 March 2011 all trees and cut logs that had no adult emergence were dissected to determine if larval development had occurred. Adult Oviposition Tests. Successful oviposition occurred in seven of the 10 A. altissima seedlings, as evidenced by the presence of larvae. No larvae were found in any of the 10 L. floridana seedlings and two A. altissima seedlings, indicating that if oviposition occurred, eggs did not hatch or larval development was not successful.
Results

Adult
In the second series of no-choice oviposition tests, larvae were found in all of the pretest A. altissima cut logs (Table 3) in the A. altissima tests. During the test period only one A. altissima tree (no. 2) produced adults, whereas the other two A. altissima test trees had no emerged adults or developing larvae. One explanation for the low oviposition rate in A. altissima may be the small diameter (4 Ð5 cm) of the A. altissima test trees. Most A. altissima observed in China attacked by E. brandti were much larger than these and may indicate a preference for larger diameter trees. The pre-and posttest A. altissima cut logs were 20 Ð25 cm diameter and much larger than the test trees. Small diameter A. altissima were used in the test period to match the same diameter of L. floridana trees. However, all three of the posttest A. altissima logs were oviposited on as evidenced by the presence of adult emergence in all three, also indicating that E. brandti may prefer larger diameter trees. Female mortality of 20% and 13% occurred only in replicate no. 2 of the pretest and test period of the A. altissima study, respectively. This left eight and seven females in the pretest and test period, respectively.
No E. brandti larvae were found in four of the 14 pretest A. altissima control replicates (replicate no. 2, 6, 13, and 14) ( Table 3 ), indicating that no females were ovipositing at the beginning of the test period. Therefore, these four replicates were not used to determine if E. brandti will oviposit on L. floridana. Ten of the replicates had ovipositing females at the beginning of the test period (i.e., based on the presence of larvae or adult emergence). Five replicates had ovi-positing females in the pre-and posttests (replicates # 3, 5, 9, 10, and 11), and were used to determine if E. brandti will oviposit on L. floridana. None of these replicates, or any other L. floridana trees during the test period, had any evidence of oviposition or larval development. This alone did not eliminate the possibility of oviposition on L. floridana because eggs would have deteriorated beyond recognition 5Ð 8 mo after oviposition. After dissecting the trees, the absence of larvae, head capsules, or signs of larval feeding indicated that if oviposition occurred larvae were unable to develop. No larvae or larval feeding was found on any of the Þve L. floridana trees (Table 3 ). The L. floridana pretest group no. 1 had the highest number of adults emerging from A. altissima in comparison with all of the other pretest groups. This conÞrms that many females were ovipositing in this group, yet none oviposited or showed signs of larval development on L. floridana.
Female survival was high during all of the pretests with A. altissima and during the L. floridana tests (Table 3) . Female mortality occurred during only three of the 14 L. floridana test trials with replicates no. 1 and no. 2 having 40 and 78% mortality, respectively. The fecund females may have died during the test period, which is why no oviposition occurred in the posttest with A. altissima. Although mortality was zero in the remaining 11 replicates during the week-long L. floridana test in this trial, females in the Þrst oviposition test discussed above did not oviposit and all died within 30 d. Overall, there did not appear to be any difference in survival between A. altissima and L. floridana during the week-long test period. There was an increase in mortality after the L. floridana test period when A. altissima was the host. The cause of this is unclear, but is likely the result of female age or having only L. floridana to feed on in the previous week.
Discussion
Of the 29 test plant species, E. brandti adults fed signiÞcantly more on foliage of A. altissima than all others in no-choice and choice tests. When given a choice between A. altissma and S. glauca or L. floridana, adults preferentially fed on the target plant with substantially reduced feeding on S. glauca and L. floridana. Some adult feeding on nontarget species is expected as the adultÕs sample the plant with their mandibles especially in no-choice tests when hunger may drive the insect to feed more on a species that it otherwise might not feed on in nature. In choice tests, feeding over 10% may indicate some degree of acceptance, but feeding on L. floridana was low (9% of A. altissima). This suggests that if E. brandti were present in nature with both A. altissima and L. floridana, the likelihood of the insect feeding on L. floridana is low. The adults used in this test were newly emerged and had never eaten A. altissima foliage. Therefore, they were naive and not entrained to A. altissima eliminating any learned feeding experience.
In the no-choice larval development tests, larvae developed from Þrst instars through late instars in the A. altissima controls and with reduced success on L. floridana seedlings. It is suspected that larvae were unable to complete development because of the small 
The symbol "Ð" indicates that no oviposition occurred in the pre-test, therefore replicate was not used in the analysis.
(1.5 cm diameter) size of the seedlings tested resulting in girdling and subsequent larval mortality. Leitneria floridana is a threatened species indigenous to Georgia, Florida, Texas, Arizona, and Missouri. The species primarily occurs in shaded marsh habitats, often inundated with brackish water (Koller 1997) . Ailanthus altissima grows best in sunny well-drained moist soils, but can survive under any cultural conditions, from sterile soils to habitats with rich alluvial bottoms. It is most common in its original areas of introduction and anthropogenically disturbed sites, but is not as common in areas most distant from these centers of introduction and natural sites (Kowarik and Säumel 2007) . These habitat differences may limit A. altissima invasion into L. floridana habitats. Furthermore, L. floridana has a much smaller diameter at maturity than A. altissima. Leitnaria floridana averages 1.2 cm in diameter at the trunk base (Sharma et al. 2008 ) and rarely exceeds 5 cm, whereas A. altissma can reach 100 cm in diameter (Herrick et al. 2011b ). This also may limit its attractiveness to E. brandti for oviposition. These Þndings suggest that L. floridana is not a suitable host for oviposition nor does it support sustained larval development of E. brandti. The no-choice oviposition tests revealed that newly emerged E. brandti is capable of sustaining additional generations on A. altissima seedlings but not on L. floridana. Also, in oviposition tests no larval development occurred on any L. floridana plants tested. Antibiosis is common in many plant-insect interactions (Franco et al. 2002 , Broberg and Borden 2005 , Ulmer and Dosdall 2006 , Kiggundu et al. 2007 , Cortez-Rocha et al. 2009 ). Leitneria floridana may have evolved a physiological barrier to oviposition, emerging neonates, or both of species like E. brandti that attempt to penetrate cambial tissues. In retrospect, inoculating larvae into plants as was done in the larval development tests may have inhibited L. floridana physiological response to egg eclosion, neonate penetration, or both, whereby allowing larval development. Studies by Broberg and Borden (2005) on the closely related poplar-and-willow borer, Cryptorhynchus lapathi (L.) (Coleoptera: Curculionidae), found decreased levels of oviposition and cessation of larval development in clones of Populus maximowiczii Henry (Salicales: Salicaceae) caused by antixenosis. Franco et al. (2002) provided a review of several ␣-amylase inhibitors and their importance in plant defense mechanisms to herbivores. Kiggundu et al. (2007) found that sap production produced by Musa L. spp. (Zingiberales: Musaceae) when exposed to ovipositing banana root borer, Cosmopolites sordidus (Germar) (Coleoptera: Curculionidae), reduced egg eclosion rates on some resistant cultivars. Sap production, antibiosis, antixenosis, plant ␣-amylase inhibitors, or all three may contribute to the reduction in successful egg eclosion, neonate development, or both of ovipositing E. brandti on L. floridana.
We conclude that E. brandti is highly host speciÞc to A. altissima. Whether or not adults were given a choice or not given a choice between A. altissima and all test species, A. altissima foliage was preferred. Although larval development occurred in L. floridana in the inoculated larval development tests when external barriers to neonate penetration were inhibited, no oviposition was detected and no larval development occurred on the 14 different L. floridana trees when external barriers were not inhibited. Without oviposition on this species, E. brandti would not have a direct impact on L. floridana. These results infer that E. brandti is not a threat to L. floridana or any other nontarget species tested and is a desirable candidate for A. altissima suppression.
